Objective To determine if the PubMed and Ovid MEDLINE clinical queries (which were developed in the publishing year 2000, for the purpose categories therapy, diagnosis, prognosis, etiology, and clinical prediction guides) perform as well when searching in current publishing years. Methods A gold standard database of recently published research literature was created using the McMaster health knowledge refinery (http://hiru. mcmaster.ca/hiru/HIRU_McMaster_HKR.aspx) and its continuously updated database, McMaster PLUS (http:// hiru.mcmaster.ca/hiru/HIRU_McMaster_PLUS_projects. aspx). This database contains articles from over 120 clinical journals that are tagged for meeting or not meeting criteria for scientific merit and clinical relevance. The clinical queries sensitive ('broad') and specific ('narrow') search filters were tested in this gold standard database, and sensitivity and specificity were calculated and compared with those originally reported for the clinical queries. Results In all cases, the sensitivity of the highly sensitive search filters and the specificity of the highly specific search filters did not differ substantively when comparing results derived in 2000 with those derived in a more current database. In addition, in all cases, the specificities for the highly sensitive search filters and the sensitivities for the highly specific search filters remained above 50% when testing them in the current database. Discussion These results are reassuring for modernday searchers. The clinical queries that were derived in the year 2000 perform equally well a decade later. Conclusion The PubMed and Ovid MEDLINE clinical queries have been revalidated and remain a useful public resource for searching the world's medical literature for research that is most relevant to clinical care.
INTRODUCTION
Scientific knowledge grows quickly and is often first accessible in peer review publications via online databases such as PubMed and Ovid MEDLINE. MEDLINE currently contains over 21 million references to journal articles and adds between 10 000 and 20 000 references each week. 1 Clinicians, 2 3 patients, 4 and the public 5 often search the internet to find answers to clinical questions. For example, 1.8 billion searches were conducted in PubMed in 2011. 6 However, finding the current best evidence to answer clinical questions is a challenge because strong clinical studies are a very small fraction of the MEDLINE database. To help alleviate this challenge, clinical queries were designed for use in PubMed and Ovid MEDLINE to aid in retrieving the current best evidence for healthcare.
Clinical queries are online search filters designed to improve the retrieval of scientifically strong and clinically relevant articles from the US National Library of Medicine's (NLM) PubMed database (http://www.ncbi.nlm.nih.gov/pubmed/clinical) and Ovid MEDLINE. These search filters were developed and validated using data from the publishing year 2000. The clinical queries have been available in PubMed since that time. A recent study showed that MEDLINE is a valuable resource for just-in-time answers to clinical questions and that using PubMed clinical queries facilitates the timely retrieval of results. 7 In addition, a study published in 2012 showed that the use of the PubMed clinical queries improved the efficiency of physician searches by improving the ratio of relevant to non-relevant articles. 8 The current typical usage of the clinical queries in PubMed is 10 000 daily page views from 3300 users (National Center for Biotechnology Information, User Services, 8 March 2012, personal communication).
More than a decade has passed since the clinical query filters were developed. Staff at the NLM routinely review and revise search filters that have been developed at NLM to account for new medical subject headings (MeSH), vocabulary, etc., and expressed concerns, on behalf of the users of the clinical queries, that these search filters could also benefit from analysis and review (Ione Auston, National Information Center on Health Services Research and Health Care Technology, personal communication). It is possible that the performance of the clinical query filters may have declined over time. Declining performance may be due to changes in indexing rules and/or the practice of applying the index terms. Declining performance could also be due to changes in the reporting of the methods in the articles. Authors are continually encouraged to be more transparent and consistent in their reporting, as outlined in reporting standards such as CONSORT, 9 PRISMA, 10 and STARD. 11 A change in the reporting of research methods could have made our choice of methodological text words and indexing terms less appropriate over time. In addition, declining performance may be due to changes in the search engines used by PubMed and Ovid and in their conventions for handling indexing terms and text words. These concerns prompted the following questions: Are the clinical queries (which were developed in the publishing year 2000, for the purpose categories therapy, diagnosis, prognosis, etiology, and clinical prediction guides) robust when searching in current publishing years? If the search filters do not perform as well, can they be re-calibrated to optimize performance?
METHODS
To determine the performance of the clinical queries when searching in more current publishing years, we used the McMaster health knowledge refinery 12 and its continuously updated database, McMaster PLUS. 13 The McMaster PLUS database is created by research staff in the Health Information Research Unit at McMaster University who currently critically appraise the content of more than 120 clinically relevant journals 14 on an ongoing basis. Articles that meet explicit critical appraisal criteria 15 are included in the database after they have been rated for clinical relevance and newsworthiness by a worldwide panel of practising clinicians. For this study, the McMaster PLUS database, which contains articles that meet criteria for scientific merit and clinical relevance in journals indexed by MEDLINE, was augmented with all articles, from the same journals, that do not meet explicit criteria for scientific merit and clinical relevance. This augmented database thus constituted the modern equivalent of a hand searched, gold standard database.
In this newly constructed database, we tested the performance of the broad (highly sensitive) and narrow (highly specific) clinical query search filters for therapy, 16 diagnosis, 17 prognosis, 18 etiology, 19 and clinical prediction guides. 20 The categorization and methods used for article inclusion in the McMaster PLUS database are almost identical to those used in 2000 when originally developing the clinical queries. Table 1 shows the definitions used for the categorizations of purpose (eg, therapy) in 2000 when constructing the clinical hedges database, and in the years 2003-11 when constructing the McMaster PLUS database. As noted in table 1, the definitions for diagnosis, prognosis and clinical prediction guides are identical. The purpose category therapy is slightly different. In the McMaster PLUS database studies testing therapy and quality improvement interventions are two separate 'purpose' categories, whereas they are combined in the clinical hedges database. Therefore, when testing the highly sensitive and highly specific therapy filters in the newly constructed database, the categories of therapy and quality improvement were combined. In addition, a difference in the definitions was applied for the purpose category etiology when comparing the clinical hedges database and the McMaster PLUS database. The sample size for this study was based on the article by Yao and colleagues, 21 which provides guidance for determining sample size when developing search filters. According to Yao and colleagues, 21 at least 99 methodologically sound articles on therapy are needed to test search filters with reasonable precision (95% CI ±5%). The corresponding number of articles for diagnosis and prognosis are 352 and 384, respectively. Sample size requirements for other purpose categories (eg, etiology) have not been formally determined.
As in our previous research, the analysis was conducted using a diagnostic testing model with sensitivity and specificity being calculated. The augmented McMaster PLUS database served as the gold standard and combinations of methodological search terms (MeSH and text words) constituted the test. We tested the clinical query search filters that are currently in use in PubMed and Ovid MEDLINE to determine if they are robust when searching in current publishing years. Programmers working within the Health Information Research Unit modified the programming code and the clinical hedges website interface to accommodate this testing. The Pearson χ 2 test for two proportions was used to determine if there was a statistically significant difference between the results (eg, sensitivity) when comparing results derived in the 2000 clinical hedges database with those derived in a more current database; a two-tailed p value of less than 0.05 indicated a statistically significant difference. 
Therapy
Content pertains directly to an intervention for therapy (including adverse effects studies), prevention, rehabilitation, quality improvement, or continuing medical education.
Content pertains directly to an intervention for therapy (including adverse effects studies), prevention, or rehabilitation. Quality improvement and continuing medical education are a separate category (with same methodological criteria as therapy).
Diagnosis
Content pertains directly to using a tool to arrive at a diagnosis of a disease or condition.
Content pertains directly to using a tool to arrive at a diagnosis of a disease or condition. Prognosis Content pertains directly to the prediction of the clinical course or the natural history of a disease or conditionwith the disease or condition existing at the beginning of the study. Content pertains directly to the prediction of some aspect of a disease or condition. Guide deals with treatment, diagnosis, prognosis, or etiology. Guide must include ≥2 factors.
Guide must include ≥2 factors. Patients followed up over time.
Patients followed up over time.
RCT, randomized controlled trial.
Constructing the gold standard database
A list of journal titles that have been critically appraised to produce content for the McMaster PLUS database as well as other services and products (eg, ACP Journal Club) is maintained within the Health Information Research Unit and shows that 389 journal titles have been reviewed over the years 1997-2011. Journal titles are added and removed from the list based on their performance (ie, whether they publish clinical content that is of high methodological quality). Because the McMaster PLUS database contains articles published from 2003 on, journal titles that had been dropped from the critical appraisal process before 2003 were removed from the list of potential journal titles that could be included in the database for this study. The revised list of journal titles that could be potentially included in the gold standard database for this study was 184 titles (available from the authors on request).
Therapy search filters
The test for therapy search filters was conducted in a gold standard database that contained articles published in 2010.
The rationale for compiling a 2010 gold standard database was that the critical appraisal criteria for therapy articles changed on 2 March 2011, as noted above and in table 2. The journal title list for testing the therapy filters included those journals that were read for the entire year of 2010 and those that did not have a name change during 2010. Journals that were not indexed in MEDLINE were also deleted from the list. As a result, 114 journal titles were contained in the 2010 database for testing the therapy search filters. The clinical queries tested for therapy are shown in table 3.
Etiology search filters
The test for etiology search filters was conducted in a database that contained articles published in the years 2007 and 2008. Guide is generated in one or more sets of real patients (training set); Guide is validated in another set of real patients (test set).
Guide is generated in one or more sets of real patients (training set); Guide is validated in another set of real patients (test set).
*Randomized controlled trials (RCT), quasi-randomized controlled trials, non-randomized controlled trials, cohort studies with case-by-case matching or statistical adjustment to create comparable groups, or nested case-control studies.
table 5. In all cases, the sensitivities of the search filters did not differ statistically when comparing results derived in the 2000 clinical hedges database with those derived in a more current database (all p values >0.05). In addition, in all cases, the specificities of the search filters shown in table 5 remained well above 50% when testing them in the more current database.
The results for filters developed to maximize specificity for therapy, diagnosis, prognosis, etiology and clinical prediction guides are shown in table 6 . In all cases, the specificities of the search filters differed statistically when comparing results derived in the 2000 clinical hedges database with those derived in a more current database (all p values <0.05). Although the results for specificity differed statistically (due to the large sample size), the differences are small and, thus, inconsequential. For example, for studies of therapy, prognosis and etiology, the specificities in the more current database were slightly lower than in the 2000 clinical hedges database, by 1.0%, 1.9% and 4.5%, respectively. However, in each of these instances, the sensitivities were slightly higher than in 2000. For studies of diagnosis the specificity in the current database was slightly higher, by 0.4%. For studies of clinical prediction guides the specificity and sensitivity in the current database were slightly lower, by 0.1% and 2.5%, respectively.
DISCUSSION
The results of this study show that the clinical queries that are available in the widely used PubMed and Ovid MEDLINE interfaces are robust when searching in more current publishing years. Estimates for therapy in the current database are similarly precise as those for 2000. Estimates for diagnosis, prognosis, etiology and clinical prediction guides are more precise for the current database because of its increased sample size.
Searchers can be assured that the clinical queries for therapy, diagnosis, prognosis, etiology, and clinical prediction guides perform equally well in detecting relevant, methodologically sound studies in the current publishing years as they did when they were derived over a decade ago in the publishing year 2000.
The reason for this stability is probably because little or no change has occurred during this time period in the basic methodological standards for conducting applied clinical research combined with no substantive changes in the indexing of the methodological features of these studies. In addition, no new methodological terms relating to the design characteristics of high quality therapy, diagnosis, prognosis, etiology, and clinical prediction guide primary studies have been added to MeSH. Clinical queries for the purpose categories indicated in this study as well as for other purpose categories (eg, qualitative studies) are also available for use in Ovid EMBASE, Ovid PsycInfo, and EBSCO CINAHL. We did not check the performance of these filters as they were calibrated in the 2000 database and have similar performance to the PubMed/MEDLINE clinical queries. On the basis of the current study, they are likely to have maintained their performance. Searchers interested in clinical topics that match the purpose categories in table 1 can use clinical queries filters to help limit the retrieval of articles to those that are scientifically sound and relevant to the methodological purpose of their search (eg, searching for studies about therapy in a particular content area, for example, asthma in children). As shown in table 4 the number of methodologically rigorous, clinically relevant studies in the two gold standard databases are extremely low, an observation that can be generalized to the MEDLINE database; underscoring the need to use the clinical queries. Sensitive filters will retrieve almost all sound studies, with fewer 'false positive' articles Clinical hedges database-to construct a comprehensive set of possible search terms, we listed MeSH terms and textwords related to study criteria and then sought input from clinicians and librarians through interviews, requests by email and at meetings and conferences, review of published and unpublished searching filters from other groups, and requests to MEDLINE experts. Individuals were asked what terms or phrases they used when searching for each study type. Terms could be subject headings, publication types, and subheadings, or could be single words or phrases as textwords, denoting their presence in titles and abstracts of articles. Various truncations were also applied to the textwords, phrases, and MeSH terms. We compiled a list of 5395 terms of which 4862 were unique. All terms were tested for all study types using the Ovid technologies searching system. The search filters derived in the clinical hedges database were tested and validated in more current gold standard databases (McMaster PLUS database). Gold standard database for search filter derivation Clinical hedges database-hand search of 161 journals that were indexed in MEDLINE. Gold standard database for search filter validation
McMaster PLUS database-contains articles that meet criteria for scientific merit and clinical relevance in journals indexed by MEDLINE (up to 184 were hand searched during the time period in question). This database was augmented with all articles, from the same journals, that do not meet explicit criteria for scientific merit and clinical relevance. Potential limitation of the search filters
The search filters were derived and validated using a set of journals that have been shown to publish high quality, clinically relevant content. The filters retrieve a very high proportion of all high quality studies and reduce the number of lower quality studies that must be reviewed by the user, but do not eliminate the need for critical appraisal. Currency of the search filters Validated in gold standard databases as recently as 2010. than for traditional searching. Filters that are designed to maximize specificity will miss some 'true positive' articles but will retrieve far fewer false positive articles.
Information retrieval researchers can also use the databases used in this study to test their own methodologies and tools for search filter development and validation. As is the case for the clinical hedges database, the McMaster PLUS gold standard databases constructed as part of this study are available for use by other researchers. We have previously collaborated with researchers who have used the clinical hedges database for machine learning purposes. For example, we collaborated with Kilicoglu and colleagues 22 at the NLM who approached the problem of recognizing studies containing useable clinical advice from retrieved topically relevant articles as a binary classification problem. The clinical hedges database formed the basis of their approach. They identified scientifically rigorous studies using supervised machine learning techniques (naive Bayes, support vector machine, and boosting) trained on highlevel semantic features. They combined these methods using an ensemble learning method (stacking). In their study they used a training set of 10 000 manually annotated MEDLINE citations (from the clinical hedges database), and a test set of an additional 2000 citations (from the clinical hedges database). Their results demonstrated that a high quality gold standard and advanced classification methods can help clinicians acquire the best evidence from the medical literature. This is just one of many potential researcher usages of the clinical hedges database and the McMaster PLUS databases.
In conclusion, the clinical queries search filters have been revalidated and can remain a useful public resource for searching the world's medical literature for the research that is most relevant to clinical care. Key aspects of this study are summarized in table 7.
